Differentiating neuropsychiatric Lyme disease from a primary psychiatric disorder can be a daunting task. This article describes how functional brain imaging and neuropsychological testing can be particularly valuable in helping to make diagnostic distinctions. In addition to a review of the relevance of functional imaging to neuropsychiatry in general, recent findings are presented regarding the use of single photon emission computed tomographic (SPECT) imaging in Lyme disease.
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Fallon et al. CID 1997; 25 (Suppl 1) logical etiology may be aided by the following considerations. bands are not included in the CDC's top 10 list of diagnostic bands, many laboratories will not report them and therefore First, does the patient have markers of a nonpsychiatric disease, such as an erythema migrans rash, arthralgias or arthritis, myalfail to provide the clinician with all of the important data. In the absence of definitive indirect diagnostic tests, additional gias, severe headaches, increased sound or light sensitivity, paresthesias, diffuse fasciculations, cardiac conduction delay, testing that more directly detects the presence of the spirochete may be helpful. word-finding problems, short-term memory loss, cranial neuropathies, and/or radicular or shooting pains [9] ?
The PCR assay for B. burgdorferi, if done at a reputable laboratory with good quality-control standards, may detect the Second, is the psychiatric disorder itself unusual? For example, in the case of depression, is it characterized by marked presence of the DNA and therefore suggest active infection [11] . The Lyme urine antigen test, in the absence of a concurmood lability, in which the patient bursts into tears for no apparent reason or in which moods fluctuate from normal to rent urinary tract infection, may be helpful in detecting the presence of B. burgdorferi protein shedding [12] ; however, extreme irritability over short periods? In the case of panic disorder, does the acute anxiety last longer than the usual 10-more research needs to be conducted regarding both the sensitivity and specificity of this test. Critical to proper interpretation minute interval characteristic of most primary panic attacks?
Third, does the patient show a poor response to medications of serological testing is that the tests be done at laboratories that have excellent quality control and high levels of sensitivity that typically would be helpful or that previously had helped that same patient? Fourth, is the psychiatric disorder of new and specificity.
Tests of other involved areas, such as the CSF and joint onset in a person with no new identifiable stressors or secondary gain? Lack of a psychological precipitant for a psychiatric cavities, are also essential components of a thorough evaluation. In chronic neuropsychiatric Lyme disease, a Lyme ELISA disorder of new onset should raise the possibility of an underlying medical illness.
of the serum may not always be sufficiently sensitive to detect disease, as suggested by a recent study in which 22% of patients Fifth, is there a history of a psychiatric disorder or a strong family history of psychiatric disturbances, such that the pahad negative whole sonicated B. burgdorferi ELISAs despite having culture-or PCR-proven disease [13]. tient's current condition may be unrelated to Lyme disease, exacerbated by Lyme disease, or triggered but not perpetuated Although CSF studies in early neurological Lyme disease are often abnormal, with evidence of intrathecal antibody production by Lyme disease? As a general rule, whenever a patient older than the age of 40 years develops a psychiatric disorder for in 70%-90% of cases of Lyme meningitis, routine CSF antibody studies in chronic Lyme encephalopathy may be misleadingly the first time without apparent cause, an organic etiology must be suspected.
normal. In a study of 35 patients with late neurological Lyme disease who had B. burgdorferi OspA antigen in the CSF on experimental testing, 43% had normal CSF antibody study results
Laboratory Tests
and 20% had no evidence of either Lyme antibodies or other typical CSF abnormalities [14] . Normal CSF results therefore Laboratory testing is an essential component of the diagnostic assessment, both to provide evidence of exposure to Borrelia cannot be used to rule out neuroborreliosis. burgdorferi and to exclude other diseases that might have neuropsychiatric presentations, such as systemic lupus erythematoNeuropsychological Testing sus, multiple sclerosis, vitamin deficiencies, and endocrinopathies. The ELISA and the western blot are the most commonly Patients with Lyme encephalopathy present with recent memory, word-finding, and spatial disorientation problems, employed indirect serological tests. Although these tests are extremely helpful in confirming Lyme disease when both tests make dyslexic-like number reversals or letter reversals when writing, and are markedly distractible, such that they have trougive evidence of reactivity, these tests can be misleading when equivocal results are obtained.
ble staying focused and completing projects. Often accompanied by a family member who acts as a surrogate memory For example, some patients with Lyme disease may have western blot results that indicate the presence of only a few of source, such patients easily get confused, may forget key experiences, or may go off on a tangent and be unable to recall the the bands that the Centers for Disease Control and Prevention (CDC) considers specific for Lyme disease-i.e., the results initial question. On neuropsychological tests, 50%-60% of patients with are suggestive of Lyme disease but do not meet the standard of five bands required by the CDC for a positive western blot chronic neurological Lyme disease have evidence of objective impairment [15, 16] . The impairment may involve memory, and are therefore interpreted as ''nonreactive.'' For some such patients, additional bands may become evident after treatment attention and concentration, verbal fluency, perceptual motor functioning, and/or conceptual ability. Often, objective cogni- [10] .
Others may have meaningful evidence of exposure to tive deficits on neuropsychological testing can be demonstrated despite normal findings from a neurological examination and B. burgdorferi, such as reactivity at the highly specific 31 kD (OspA) and 34 kD (OspB) sites. Unfortunately, because these of electroencephalographic, CSF, and MRI studies [16, 17] . [20] . In addition, deficits may be seen on intelligence tests and in verbal learning and free have significantly more memory problems than patients with other disorders that share certain features with Lyme disease, recall [21] . Therefore, to get the most information from a set of neuropsychological tests, the clinician would be wise to treat such as fibromyalgia or mild depression [18] .
Fatigue, anxiety, and depression, however, can cause a paa patient's concomitant mood disorder prior to initiation of the testing, thereby removing a confounding variable in test tient to perform poorly on neuropsychological tests. The psychiatric disorder itself may be primary-i.e., unrelated to the interpretation. biology of Lyme disease-or secondary to the pathophysiological processes induced by B. burgdorferi. Regardless of whether Functional Brain Imaging the psychiatric disorder is primary or secondary, it behooves the physician to treat the concomitant psychiatric disorder
Neuroimaging provides a direct window into the brain's structure and functioning. Structural imaging techniques, such aggressively in order to optimize the patient's functioning and more clearly evaluate the need for additional antibiotic as CT and routine MRI, are used primarily to evaluate anatomy, providing a highly detailed but static image of brain structure. treatment.
In most cases, adjunctive antidepressant treatment, for examFunctional brain imaging techniques, such as single photon emission computed tomography (SPECT) and positron emisple, will result in greater mood stability, less despair, and consequently a greater ability to participate actively in the process sion tomography (PET), provide a dynamic picture of the brain's functioning: metabolism, blood flow, and chemistry. of recovery. In the presence of active infection, however, psychiatric disorders related to CNS Lyme disease may be resistant While structural imaging techniques are very helpful in identifying gross changes in brain structure, functional imaging techto psychopharmacological treatment but may respond to such treatment following adequate antibiotic therapy.
niques allow us to appreciate the working physiology of the brain. Are neuropsychological tests helpful in differentiating Lyme encephalopathy from primary anxiety and depression? In cases PET studies have confirmed that regional cerebral bloodflow changes are generally coupled with changes in regional of memory loss accompanied by mild depression, neuropsychological testing can be extremely valuable. Typically, mildly brain metabolism. Decreased metabolic activity results in hypoperfusion, whereas increased metabolic activity results in depressed patients will show few if any objective memory deficits on neuropsychological testing, while patients with hyperperfusion. Although hypoperfusion may occur as a result of vascular changes, functional brain imaging is particularly Lyme encephalopathy will show mild to severe levels of impairment, particularly in verbal fluency and verbal short-term valuable to neuropsychiatrists for its ability to detect changes in perfusion that are secondary to metabolic changes. In commemory.
When neuropsychological tests do reveal deficits among deparison to PET scanning, SPECT scanning is about 3-4 times less expensive, is more widely available, and with the more pressed patients, the deficits may occur because of lack of effort and poor concentration rather than actual deficits in storage or recent SPECT scanners is able to provide spatial resolution images of 6-9 mm-closely approaching the 4-6-mm resoluretrieval. Depressed patients tend to give up easily when tested, responding ''I don't know,'' whereas patients with primary tion of PET studies. SPECT scanners typically use a rotating gamma camera ganmemory disorders such as in Alzheimer's disease more commonly make a determined effort but give incorrect answers try with one to three detector heads. The image data are subsequently reconstructed and reoriented in three orthogonal (coro- [19] . Depressed patients tend to have good automatic or incidental learning (e.g., recalling what they had for breakfast or nal, sagittal, and transaxial) image planes. Although PET imaging can be used to provide a quantitative assessment of recalling the day of the week), whereas encephalopathic patients more typically have poor automatic learning.
regional perfusion or metabolic abnormalities, the technique is invasive, requiring arterial sampling. To avoid the necessity of In a study of 15 patients with chronic Lyme disease and memory complaints, 9 had abnormal neuropsychological test arterial sampling, the analysis of PET and SPECT scans is best done in a semiquantitative fashion. results, while 6 had normal scores [16] ; 5 of the 6 cognitively normal patients had the highest depression scores of the entire MRI scans of patients with neurological Lyme disease may demonstrate punctate white matter lesions on T 2 -weighted group of 15, confirming that moderate depression causes the images, similar to those seen in demyelinating disorders, such psychological deficits of verbal and visual memory. Six months following iv antibiotic treatment, quantitative SPECT scans of as multiple sclerosis [17] . This is most often the case among patients with evidence of meningitis or encephalitis. The white five of the patients revealed a pattern of improved flow. In a more recent report [24] , Logigian contrasted the brain matter lesions may resolve after antibiotic treatment. In laterstage neurological Lyme disease, however, brain MRI scans perfusion patterns of 13 patients with definite Lyme encephalopathy (as defined by the presence of objective deficits on are generally normal even though the patient may continue to have debilitating neuropsychiatric problems [22] . neuropsychological testing), 9 patients with possible Lyme encephalopathy (no objective deficits), and 26 normal controls. Functional brain imaging by means of SPECT has recently emerged as a new and very useful tool in the evaluation of Patients with definite Lyme encephalopathy had significantly more deficits than patients with possible encephalopathy, who patients with Lyme disease. In patients with Lyme disease, SPECT scans typically show multifocal areas of decreased perin turn had significantly more deficits than normal controls. When the 13 patients with definite Lyme encephalopathy fusion in both the cortex and the subcortical white matter [23] [24] [25] [26] [27] . In a review of 35 patients consecutively referred to were given iv ceftriaxone, a partial reversal in brain perfusion deficits was observed 6 months later. These results suggest that Columbia Presbyterian Medical Center (New York) for technetium-99m SPECT imaging who were suspected of having neu-SPECT perfusion deficits are greater with more severe disease, that SPECT deficits may be seen even in the absence of objecrological sequelae to Lyme disease, 18 (51.4%) had significant perfusion abnormalities [25] .
tive neuropsychological deficits, and that the perfusion deficits are at least partially reversible. Of these 18 patients, 17 had regional cortical abnormalities, 15 had a heterogeneous pattern of uptake, 14 had reduced tracer Hypoperfusion defects visualized on SPECT scans in Lyme disease may result from any process that alters the radiotracer uptake in the periventricular white matter, and 11 had a global reduction of cortical perfusion. Most commonly involved were distribution, including vascular delivery to neurons, transport of the tracer into the cells, and retention of the radioactive the frontal, temporal, and parietal lobes. Among the 18 patients whose SPECT scans were abnormal, 13 had normal brain MRI tracer in the cells. Problems may arise secondary to direct infection of neurons, from cellular dysfunction due to the indistudies. A significant limitation of this study [25] is that patients were not prospectively categorized according to the diagnostic rect effects of neurotoxic immunomodulators such as cytokines, or from decreased perfusion through arterioles secondary to certainty of Lyme disease. Because all patients, including those with probable but not definite Lyme disease, were grouped tovasculitis. In other words, areas of hypoperfusion may result from a cellular, metabolic, and/or vascular problem. gether, the findings from this report must be considered tentative.
In a more recent report from investigators at Columbia [27] , In what ways, then, are SPECT scans helpful in the diagnostic assessment? First, a SPECT scan with diffuse abnormalities 20 patients with seropositive chronic Lyme disease who had been previously treated with antibiotics were evaluated by technetiummay help to confirm that an objective abnormality is present in a patient suspected of having a purely factitious or psychogenic 99m-HMPAO (hexamethylpropyleneamineoxime) SPECT before and after repeated antibiotic treatment. The two scans of disorder. Second, a normal SPECT scan of a patient with prominent neuropsychiatric symptoms may suggest that a psychiatric each patient with Lyme disease were read in random order by radiologists blind to the treatment received and to the temporal disorder is the primary cause of the patient's cognitive or emotional distress and therefore lead the clinician to recommend order of scans. The scans of 14 patients with non-Lyme neurological or systemic disease were interspersed so that radiologists reevaluation of the patient's psychiatric treatment. Third, an improvement in SPECT perfusion after treatment provides eviwould be blind to diagnosis as well.
Ninety-six percent (27) of the 28 abnormal Lyme SPECT dence that the brain has not been permanently damaged and that the treatments are resulting in physiological change. images showed a heterogenous pattern, but this pattern was nonspecific, as it was also seen in the control patients with CreutzfeldtConsider the following case. A 27-year-old previously healthy man who lived in an area of hyperendemicity for Lyme Jakob disease, cerebral vasculitis, and chronic fatigue syndrome. Forty-one percent of the Lyme scans showed improved perfusion disease developed intense fatigue and intermittent paranoid delusions that he was being followed. Over the subsequent on the second scan, with the suggestion of more improvement among patients treated with iv antibiotics (5 of 10) than among months, headaches, memory lapses, mental ''cloudiness,'' and episodic inability to perform routine activities emerged. Cognipatients given other forms of treatment (2 of 7).
In an abstract consistent with the above findings of a heterotive deterioration advanced such that he no longer recognized members of his own family. geneous pattern of uptake, Logigian et al. [23] reported on eight patients with seropositive Lyme disease who were studied After admission to an intensive care unit and a full battery of tests, the diagnosis of CNS Lyme disease was made on the with use of the more objective quantitative SPECT method. All had reduced perfusion in a multifocal distribution, especially in basis of positive ELISAs of the serum and CSF (0.267 and 0.265 optical density, respectively; cutoff, 0.112 optical denthe white matter. Only one of the eight had MRI white-matter abnormalities. Six of the eight had abnormal spinal fluid, of sity) and mild pleocytosis (6 WBCs/mm 3 weeks with iv ceftriaxone, he was able to identify his family and friends and wished to return to work. However, over the subsequent few weeks after further iv antibiotic therapy had been discontinued, his confusion and memory problems returned (he would get lost in his own house), and new symptoms appeared: swollen knees, arthralgias in his toes and hands, and numbness on his right side. Upon return to the infectious disease specialist, the patient and his family were told that his symptoms were probably not due to Lyme disease because he had already received the recommended course of treatment. A second spinal tap again showed pleocytosis (6 WBCs/mm 3 ), but the Lyme serologies, performed at a different laboratory, were now negative. Nevertheless, in response to pressure from the family and differing opinions from other specialists, this man was retreated for 2 more weeks with iv antibiotics. This time his condition did not improve.
A team of psychiatrists evaluated the patient and concluded that he had a ''dissociative disorder'' rather than Lyme disease and should be transferred to a psychiatric inpatient facility. At this point, unable to feed himself or to speak coherently, he was removed from the care of the hospital by his family, who had arranged for him to be treated privately. Four months after discharge, a brain SPECT scan was done. Although clinically able to feed himself, he still had severe cognitive deficits; he did not know his name or any details of the prior year. well as the appearance of dilated ventricles. Because this patient had a normal MRI scan with no evidence of structural abnormalities such as dilated ventricles, it was concluded that the to another illness. For example, the pattern of primary depression is different from the pattern of Alzheimer's dementia and SPECT image indicated gray matter perfusion deficits as well as prominent white matter deficits, which gave the appearance from that of CNS Lyme disease. Although clinical judgment must still take precedence in the evaluation of the patient, of a dilated ventricle because the radiotracer deposition was so markedly reduced in the periventricular area. The SPECT these functional imaging techniques can substantially improve diagnostic confidence. scan findings were more consistent with a medical disease diffusely affecting brain function rather than a primary dissociIn primary depression, one most commonly sees decreased uptake in the left anterolateral prefrontal cortex and, less comative disorder, as the latter does not typically cause profound perfusion deficits.
monly, decreased flow in the temporal lobes [29] . Left-frontallobe normalization of flow may occur after successful treatment It should be emphasized that the absence of perfusion abnormalities on a SPECT or PET scan does not prove absence of of depression [30, 31] . This pattern of decreased frontal blood flow commonly seen in primary depression is also typical of a disease process. As has been shown in studies of Alzheimer's disease, during the early stages of the illness, 45% of patients depression secondary to other illnesses, such as Parkinson's disease, Huntington's chorea, epilepsy, HIV dementia, and, will not have perfusion abnormalities [28] . In Lyme disease, therefore, a normal SPECT scan may indicate that either the presumably, Lyme disease. Nevertheless, in Lyme disease accompanied by depression, as in most medical conditions with brain is not involved or the brain involvement is in its early stages or resolving.
secondary depression, one would expect to see abnormal perfusion extending beyond the frontal lobe areas as well. In order to better appreciate the utility of SPECT imaging, a brief review of patterns of perfusion seen in other areas
In early Alzheimer's disease, one typically sees decreased flow in the temporal and posterior parietal areas, with sparing of clinical neuropsychiatry is required. Familiarity with these patterns may enable one to more clearly state that a patient's of the sensorimotor strip and occipital cortex, while in later Alzheimer's disease the frontal lobe may also be involved neuropsychiatric disorder is primarily psychiatric or secondary [26] . Alzheimer's disease from several other dementing illnesses, such as AIDS-dementia complex, which shows a more diffusely heterogeneous pattern, and depressive pseudodementia, Conclusion which tends to localize to the frontal lobes [34] . A parietal hypoperfusion pattern, however, overlaps with Parkinson's disPhysicians challenged with difficult differential neuropsychiease dementia and, as seems to be true from our xenon 133 atric diagnoses will benefit from employing an approach in SPECT studies (Fallon, 1996 ; unpublished data), with Lyme which the clinical presentation and history are primary and disease-related memory problems.
other modalities are used to test the clinical impression. These In early Huntington's disease, one may see decreased flow additional modalities include laboratory testing of the serum in the caudate nucleus, putamen, and cingulate gyrus by means and CSF, neuropsychological testing, and neuroimaging proceof PET scanning [35] . Similarly, SPECT imaging has revealed dures. markedly decreased flow in the caudate [36] .
SPECT scans, in their ability to detect diffuse cerebral abnorPsychiatric disorders other than depression may also have malities in the absence of other objective findings, such as characteristic functional imaging patterns. In obsessive coman abnormal CSF, MRI, or focal neurological signs, may be pulsive disorder, functional imaging studies may show inparticularly helpful in the process of differentiating neuropsycreased flow in the frontal cortex and the caudate [37] . In chiatric Lyme disease from primary psychiatric disorders. schizophrenia, patients with positive symptoms (delusions, hallucinations) may have temporal lobe hypoperfusion, while pa-
